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This invention relates to starch and starch phosphate 
compositions, to ?lms prepared from such compositions 
and to a method of using certain of such ?lms as a dressing 
for skin wounds which heal primarily by the mechanism 
of growth of granulation tissue. 

In the pathology and healing of open skin wounds, 
two general types of Wounds may be differentiated. First, 
there is the clean, sharp‘, incision-type wound where no 
substantial amount of tissue is lost and the tissue surfaces 
separated by the incision can be juxtaposed without 
stretching, for example by sewing. This gives the tissue 
surfaces an opportunity to fuse together directly and re 
gain continuity by the healing mechanism of primary 
union. In contrast, there is the second general class of 
wounds wherein such a large quantity of tissue is re 
moved or lost across the surface of the wound that the 
raw tissues exposed in the gap of the wound can no 
longer be juxtaposed nor fused together directly because 
the degree to which the skin surrounding the wound would 
have to be stretched is excessive or impossible. Examples 
of the latter class of wounds are severe burns, abrasions, 
lacerations and the like. 
Where a substantial amount of tissue has been lost, the 

gap of the wound is gradually ?lled by a mass of new 
blood vessels and cells which grow from the base of the 
wound up to the level of the surrounding surface skin and 
which are called granulation tissue. When examined 48 
hours after in?iction, the tissue surfaces of a clean, open 
wound of this type seem to be covered with tiny red 
granules, with an appearance similar to a pile of rough 
velvet. While this red, ?nely granular surface is an 
indication of normal and healthy healing by the mecha 
nism of growth of granulation tissue, such a surface is 
fragile, highly vascular and bleeds very readily. If, for 
example, a dry gauze dressing should stick to the surface 
and then be torn off, the young capillary blood vessels 
are ruptured, and the process of healing is temporarily 
arrested. Also, the growth of granulation tissue may be 
inhibited by infection which is quite often spawned by the 
debris of dead tissue, coagulated blood and other necrotic 
products of the wound. This also slows down healing and 
is of particular disadvantage where skin grafts over 
healthy granulation tissue are necessary for complete heal 
ing as in severe second and third degree burns. 

Heretofore, the most widely used dressing for wounds 
involving loss of tissue has ‘been dry gauze impregnated 
with a semi-solid, jelly lubricant such as petrolatum. The 
petrolatum prevents adhesion of the gauze to the wounded 
area so that the dressing may be readily removed and 
replaced as, for example, where the wound is to be treated 
with chemotherapeutic agents. The disadvantage to the 
conventional dressing is that it tends to act as a complete 
seal over the area of the wound and causes exudate and 
edema fluids discharging from the wound to accumulate 
under the dressing which in turn maintains the underlying 
tissues excessively soft and Wet. Such conditions are un 
favorable to the healing process, particularly in the case 
where skin grafts are required since dry, healthy granula 
tion tissue is the necessary foundation for skin grafts 
which are to take hold successfully and grow. Further 
more, excessive accumulation of exudate and edema ?uids 
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under the conventional dressing establishes an environ 
ment which will more likely result in infection than where 
the wound is given an opportunity to dry rapidly. 
We have now discovered ‘a new method of treatment 

for the above-described skin wounds which involves the 
use of dressings consisting of ?lms formed at least of 
certain essential starch phosphate compositions. In our 
method a starch phosphate composition, in the form of a 
?lm having certain physical characteristics, is placed in 
direct contact with the damaged tissues of a skin wound. 
Use of the ?lm in this manner has given exceptional and 
remarkable advantages in promoting the healing ‘of 
wounds. The ?lm being water soluble and self~adherent, 
no external means are required to hold it in place over the 
wound. The ?lm is sui?ciently pliable, elastic and strong 
to permit limited movement of the area of the wound ‘with 
out dislodgement of the ?lm relative to the wound. The 
?lm is transparent and consequently permits observa 
tion of the wound and its healing progress without having 
to remove the ?lm as is necessary with conventional dress 
ings. The ?lm is permeable to edema fluids and certain 
of its soluble components such as salts and electrolytes, 
but not to proteinaceous materials such as albumin. As 
a result, the wound is caused to dry in a shorter time and, 
‘since the proteinaceous components are retained, the 
tendency towards ‘shock is minimized. The ?lm, in time, 
is digested by enzymes liberated by the granulation tissue 
and thus is either assimilated or discarded or both as an 
inherent function of the natural healing process. The 
?lm produces no adverse local tissue reactions or systemic 
antigenicity. 

Another signi?cant advantage is achieved when the 
?lm is used as a dressing for severe burns. Such injuries 
are often subjected to hydrotherapy treatments involving 
submersion in continuously swirling water. Heretofore, 
conventional burn dressings have had to be ?rst removed 
for such hydrotherapy treatments and adherence of the 
dressing has ‘caused much di?iculty in effecting its re— 
moval without damaging the wound and subjecting the 
patient to pain. With the starch phosphate ?lm dressing 
of our method, we have found that there is no need for 
removing the dressing at all. The dressing itself can be 
submerged in water for hydrotherapy and, within a short 
time, the dressing will soften and either fall off the area 
of the wound or dissolve and disappear. When the treat 
ment has been completed, a new ?lm dressing can be 
placed upon the wound for continued protection ‘and 
promotion of healing. 
The ultimate and most important bene?ts of our in 

vention are a more rapid rate of healing, a sharp de 
crease in the incidence of infection, an earlier and more 
rapid growth of granulation tissue making successful skin 
grafts possible much sooner and minimization of inter 
ference with the natural healing process which is always 
a factor in the application of external dressings to skin 
and raw tissue surfaces. Such bene?ts have been ob 
tained repeatedly with laboratory ‘animals and represent 
a material advance in the art of treatment and healing of 
wounds. 

In accordance with our invention, a composition of 
matter which includes starch phosphate as an essential in 
gredient thereof is used to form the ?lms which have been 
found to excel so remarkably as wound dressings. The 
term starch phosphate refers to a type of starch derivative 
which is formed by reaction between starch and an alkali 
metal phosphate salt under controlled conditions and 
which, relatively speaking, has been only recently dis 
closed in the prior art as a new material. The general 
procedure used for preparing this type of starch derivative 
is to ?rst impregnate ungelatinized star-ch granules with 
an aqueous solution of ‘an alkali metal phosphate salt. 
After the granules have been separated from excess of the 
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phosphate solution, they are dried to a moisture con 
tent of not more than about 20% by the weight of the 
granules. The granules are then heated to a temperature 
in excess of 100° C. and in the absence of any additional 
moisture aside from that which is contained in the gran 
ules, and the control of moisture content and high reac 
tion temperatures distinguishes this type of starch phos 
phate derivatives from other products of reaction between 
starch and a phosphate. At the high temperatures, reac 
tion proceeds directly between the starch and the alkali 
metal phosphate to yield a starch phosphate derivative 
which can be dissolved in water to form low-solids, high 
viscosity solutions. For example, a 5% aqueous solu 
tion of the above-described starch phosphate derivatives 
may have a viscosity of 30,000 to 50,000 cps. More 
speci?c details of preparing the above-described starch 
phosphate derivatives are given in US. Patents 2,884,412; 
2,884,413 and 2,993,041, and any of such starch phos 
phate derivatives may be used in carrying out our inven 
tion. 

It is possible to use ?lms prepared from solely a starch 
phosphate derivative dissolved in water as a dressing for 
wounds in accordance with the invention, and excellent 
results in fact have been noted with such ?lms. How 
ever, pure starch phosphate ?lms tend to become brittle 
with handling and storage at atmospheric humidities, and 
if the ?lms are not to be used immediately, storage condi 
tions of about 50% relative humidity would usually be 
necessary to prevent excessive embrittlement of the ?lms. 
On the other hand, once pure starch phosphate ?lms are 
placed over a wound, the exudate and edema ?uids dis 
charging from the wound will soften the ?lm somewhat 
so that there is no longer any problem of embrittlement 
or loss of ?exibility. 
However, in view of the relative inconvenience‘of using 

pure starch phosphate ?lms, as described above, we pre 
fer to add to the parent starch phosphate composition 
from which the ?lms are to be prepared certain ingredients 
which have been found to be very effective in preventing 
loss of plasticity, ?exibility and tensile strength in the ?lms 
over considerable periods of time, with a consequent gain 
in the storage life and convenience of using the ?lm. The 
two basic ingredients which we prefer to use for these 
purposes are gelatin and glycerine. Gelatin is known to 
have a high capacity for forming ?lms having considerable 
tensile strength. When added to the starch phosphate 
?lms which we use, gelatin gives an increase in ?exibility, 
tensile strength and the degree of physical handling to 
which the ?lms may be subjected without deterioration. 

Since the gelatin is fully compatible with the starch 
phosphate derivatives, the range of proportion may vary 
considerably between the two materials. We have found 
that anywhere from 0.1 part to 10 parts of gelatin may 
be added to 1 part of starch phosphate derivative used in 
the ?lm forming composition. Less than 0.1 part gelatin 
does not give su?‘icient bene?ts so as to be of signi?cance 
in extending the storage life of the pure starch phosphate 
?lm. On the other hand, more than 10 parts gelatin gives 
no added advantage and is not only wasteful but leaves 
too little starch phosphate derivative in the ?lm for 
achieving the remarkable results which are possible with 
the invention in the healing of wounds. In general, we 
prefer to use the gelatin in a range of proportions of from 
0.25 to 1 part of gelatin to 1 part of starch phosphate 
derivative in the ?lm-forming composition. For use in 
the ?lms of our invention it is preferable that the gelatin 
have a Bloom rating within the range of about 100 to 300. 
While gelatin is the preferred material for increasing 

tensile strength and ?exibility, other ingredients may also 
be used in its place. In this connection we have found 
that pectins and carboxymethylcellulose are also of utility 
in increasing the tensile strength of the starch phosphate 
derivative ?lms when used in the same proportions as 
stated above for the gelatin. 
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4. 
As for glycerine, this ingredient acts as a plasticizer and 

increases the internal ?exibility of the pure starch phos 
phate derivative ?lm. We prefer to use glycerine in a 
lower proportion than the gelatin and generally speaking 
from 0.1 part to 0.5 part of glycerine may be used for 1 
part of starch phosphate derivative in the composition. 
Amounts within this range will give su?icient plasticiza 
tion of the starch phosphate derivative ?lm for virtually 
all practical applications. Similar amounts of other poly 
hydric compounds such as propylene glycol, sorbitol and 
water soluble polyole?nic polyols may be used in place 
of the glycerine to achieve plasticization in the ?lm. Both 
the gelatin and glycerine do not produce adverse tissue 
reactions or interfere with the healing process so that use 
of these ingredients does not limit the advantages derived 
from using our method of dressing and healing wounds. 
Our work with the use of starch phosphate ?lms as 

wound dressings, and particularly in the aspect of includ 
ing gelatin in such ?lms, has lead to other valuable and 
quite unexpected results in the ?eld of commercial ?lms 
generally. It has long been known that ?lms prepared 
from solutions of the known varieties of common starch 
have such serious shortcomings that such ?lms cannot be 
used satisfactorily in various applications such as packag 
ing, encapsulation, etc. One of the most serious problems 
with starch ?lms has been lack of adequate tensile strength 
and extreme brittleness, the latter indicating a lack of 
?exibility. While it may be possible to form a ?lm of 
pure starch solution, in a short time the ?lm becomes 
brittle, loses excessive amounts of moisture and‘ dries to 
a friable, horny mass. For these reasons, ?lms made 
purely from starch have not been and are not sold com 
mercially. 

While attempts may have been made to overcome the 
shortcomings of pure starch ?lms by the use of additives, 
these have not been successful to any signi?cant degree. 
In particular, it is well known for example that an aqueous 
solution of gelatin (not a gel), which is an excellent ?lm 
forming material, is largely incompatible with aqueous 
solutions or pastes of gelatinized starch or starch dextrines. 
Ordinarily, when these materials are mixed together the 
gelatin will separate as an upper layer over the starch or 
dextrine material and therefore the gelatin cannot be suc 
cessfully incorporated in a pure starch ?lm. 
We have now unexpectedly found that the starch phos 

phate derivative which ‘we used in ?lms for wound dress 
ings apparently can act as a coupler between gelatin and 
ordinary starch whereby the three materials can be ad 
mixed over a substantial range of concentration to form 
completely compatible mixtures which remain stable and 
homogeneous on standing. This is of material bene?t to 
our new method of dressing wounds since the ?lms to be 
used in this method are far more economical to manu 
facture when the least expensive material of all, ordinary 
starch, is substituted in part for the more costly material 
gelatin. Furthermore, mixing in ordinary starch as a com 
ponent of the film does not result in loss of the preferred 
characteristics of tensile strength, flexibility and adequate 
shelf life which we desire in the ?lm for use as Wound 
dressings. 
We have made very extensive tests and have found that 

there is a large area of compatibility in the three com 
ponent system of starch phosphate derivative-gelatin 
starch, and ?lms formed from these compatible admix 
tures may be advantageously used as wound dressings in 
accordance with our invention. This will be more fully 
described hereinbelow in connection with the description 
relating to the accompanying drawings. 

In addition to providing substantial bene?ts to our new 
method of treating wounds, the fact that starch phosphate 
derivative is an effective coupling agent between gelatin 
and ordinary starch is of tremendous commercial signi? 
cance as regards the preparation and use of starch ?lms. 
As mentioned previously, starch ?lms have not heretofore 
been available commercially although the fact that they 
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are potentially water soluble, edible and nutritious makes 
them considerably attractive for various applications. In 
accordance with our invention, starch ?lms can now be 
readily prepared with adequate tensile strength, ?exibility 
and plasticity because gelatin can be incorporated therein 
with complete compatibility by use of the starch phos 
phate derivative as a coupling agent. The starch ?lms 
thus prepared have wide application as a packaging ma 
terial for dry food mixes, coffee, cocoa and other food 
stuffs, as capsules for medicines and, pharmaceuticals, as 
the outer shell of suppositories, as drop-in-and-dissolve 
packages for soaps, synthetic detergents and the like, and 
other applications which will be apparent to those in the 
art. Such ?lms represent a totally new means of using 
starch which is a plentiful and inexpensive raw material 
in this application. 

In carrying out the method of our invention, there are 
two general procedures which may be used. The ?rst 
and the preferred method is to separately prepare ?lms 
containing the essential ingredient starch phosphate deriv 
ative and then use these preformed ?lms to dress and 
treat skin wounds much like ordinary bandages are used. 
The ?lms may be preformed in any conventional manner. 
The starch phosphate derivative and the preferred op 
tional ingredients such as gelatin, glycerine, or ordinary 
starch are mixed together in a su?icient amount of water 
to make a ?uid, workable ?lm-forming composition. The 
concentration of total solids in the aqueous ?lm-forming 
composition may be anywhere within the range of 3% 
to 30% based on the weight of the composition, and - 
the actual concentration will depend not only on the 
number and nature of ingredients but also on the method 
which is used to form the ?lm. 
The aqueous ?lmaforming composition will have to be 

heated su?iciently to gelatinize the starch, if starch should 
be included, or gentle heat may be applied in the absence 
of starch to aid in the mixing of the various components 
and to form a completely homogenous solution thereof. 
Thereafter ?lms may be cast upon ?at plates or on an 
endless belt by extrusion or by sheeting out under a 
doctor blade. The ?lms are then dried at controlled tem 
perature and humidity, preferably at 72° F. and 50% 
relative humidity. It is also preferable to hold the ?lms 
under these controlled atmospheric conditions for a cer 
tain period of time after drying, say, for up to 24 hours 
or more. This helps stabilize the physical characteristics 
of the ?lm whereby dimensional changes over long pe 
riods of storage are minimized. For use as wound dress 
ings, the films may then be sterilized in conventional 
manner, as by contact with ethylene oxide gas, and there 
after the ?lms can be packaged in hermetically sealed con 
tainers for aseptic shipment and storage. If desired, anti 
bacterial agents such as nitrofurazone, sulfonamids and 
antibiotics may be included in ?lms to be used as wound 
dressings, in amounts up to about 0.1% based on the 
weight of ?lm solids. 
The second general procedure for carrying out our 

invention is to form the film dressing in situ upon the 
wound itself. In this method, the aqueous ?lm-forming 
composition may be brushed, sprayed or otherwise ap 
plied directly to the area of the wound and the ?lm will 
be formed by evaporation of water and drying directly 
upon the wound. If desired, gentle heat may be applied 
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to the wounded area, with infrared lamps for example, to ' 
assist in the in situ process of ?lm formation. 
We have determined that the ?lm must have a con 

trolled thickness in order to provide the bene?ts of the 
invention as a wound dressing. Such controlled ?lm 
thickness will have to be within the range from about 1 
to about 10 mils, whether applied as a preformed ?lm 
or in situ. Actually, ?lms having a relatively high gelatin 
content can be made in a thickness as low as 0.5 mil. 
However, these ?lms are so thin as to be mechanically 
weak and readily torn or otherwise disrupted when used 
as a wound dressing. Films thicker than 10 mils are 
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excessively thick and difficult to shape to body contours. 
Furthermore, ?lms in excess of 10 mils thickness slow 
down the discharge of exudate and edema fluids through 
the ?lm, away from the underlying wound. This, of 
course, can result in a slowing down of the healing proc 
ess and should therefore be avoided. Within the thickness 
range stated, ?lms containing starch phosphate and one 
or more of the various optional components described 
above will be found useful for virtually all applications 
in the treatment and dressing of wounds. 

In addition to thickness, the tensile strength of ?lms 
to be used as wound dressings is critical. The tensile 
strength will have to be at least about 3,000 psi. for, 
otherwise, the ?lm will be too weak mechanically to act 
as a protective cover over the area of the wound. The 
tensile strength of the ?lm may of course be higher but 
the value 3,000 p.s.i. is about the minimum for practical 
application. On the other hand, for non-wound dressing 
applications it is preferred that the tensile strength be 
higher and at least about 5,000 psi. Any desired tensile 
strength in the ?lms may be achieved by selecting suitable 
proportions of gelatin or the other materials mentioned 
previously as being useful for increasing the tensile 
strength. 
As previously described, the ?lms are water soluble and 

self-adherent when wet and thus may be placed in direct 
contact with the damaged tissues of a wound. If desired, 
dry gauze or other material may be held over the ?lm 
to absorb exudate and edema ?uids passing through the 
film. The ?lm can be removed simply by dissolving in 
water and replenished whenever and as often as may be 
required. Further details of the invention will be under 
stood by reference to the accompanying drawing which 
is a phase diagram of starch phosphate derivative-gelatin 
starch compatible admixtures, and the following examples. 

EXAMPLE 1 

In order to test the method of the invention for treat 
ing wounds, four burns of substantially equal size and 
severity were inflicted by ‘blow torch upon the back of a 
laboratory dog, the area of each wound being de?ned 
by black masses of carbonized tissue. A starch phosphate 
derivative was prepared by reacting starch granules with 
monosodium phosphate in the manner described in US. 
Patent 2,884,414. The starch phosphate derivative was 
dissolved in heated water to form a 10% solution by 
weight and ?lms approximately 3 mils thick were cast 
from the hot solution upon glass plates. The ?lms were 
dried and conditioned for 24 hours at 72° F. and 50% 
relatively humidity. After sterilization, the preformed 
?lms were placed over two of the burns and the other 
two burns were covered with a conventional gauze 
petrolatum dressing, as previously described. 

Four days after the dressings were applied as described 
above, the burns treated with the conventional dressing 
had increased in size and lacked a crusty, dry eschar 
which was prevented from forming by the water insolu 
ble seal established by the petrolaturn lubricant. 0n the 
other hand, the two burns which were dressed with starch 
phosphate ?lm in accordance with our invention had not 
enlarged signi?cantly beyond the area of the original 
wounds as in?icted and had already dried to a consider 
able extent. Furthermore, infection had set in in the 
wounds dressed with the conventional dressing as shown 
by large, white areas which were covered with pus. The 
Wounds treated with starch phosphate ?lm were covered 
by a dry, crusty eschar and there were no signs of 
infection. 

Five days after start of the treatments described above 
the eschar over one of the wounds treated with the starch 
phosphate ?lm was retracted partially to examine the un 
derlying tissues. All of the wounds were examined at 
the same time and not much change had occurred in the 
condition of the wounds which were treated with the 
conventional gauze~petrolatum dressing. There was only 
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one dark narrow streak of granulation tissue in one of 
the conventionally treated wounds, insigni?cant in com 
parison to the total area of the wound which was still 
badly infected, with large areas of the wound discharging 

8 
whereas the other starches exhibit opacity and are in 
compatible at the majority of concentrations in the meas 
ured range. Secondly, ?lm elongation reaches a maxi 
mum at 1:1 ratio of starch phosphate derivative to gelatin 

pussy exudate. The other conventionally treated wound 5 whereas the elongation decreases drastically as the ratio 
showed no granulation tissue to speak of. At least two of the other starches to gelatin is increased. Thus, the 
days of additional special treatment would have been starch phosphate derivative is unique in its physical prop 
necessary in order to heal these wounds to the point erties as regards compatibility with gelatin and percent 
where skin grafts could be successfully placed thereon. elongation of the combinations thereof. 
The wounds treated with starch phosphate ?lm, on 10 EXAMPLE 3 

the other hand, were in excellent condition as re ards - - . - 
h?aling progress‘ By now the Starch phésphateg?lm Aliquot portions of 10% aqueous solutions of gelatin, 
had been partially divested and had lost its identity. the- -starch phosphate denvatlve ‘of-Exam!) 1e 1 arid thln 
Tissue had grown intoothe ?lm which had become part ljolhng Waxy 09m starch were mule-d together In Va}. 
of the crusty, dry and fairly rigid eschars. The surface 15 goutistcilllliimvrf?g?sweigaggatggmglosgnziaivnasbggilcigr H51 
underlying the eschar was almost entirely a dark mass of - h 1 , h k . 
healthy, red granulation tissue which was free of in— ignites; t def.‘ sea 61 mg; 326; vlgoroushly and ?nally 
fection. The wound had healed to a satisfactory degree exangnsegnfg? aggsib'l htgsre s‘?o‘é‘is’tgac t3: tube was 
for the placement of skin grafts. This remarkably rapid Ositions whichp showidpa 1i htp a 1 n‘ t gse com; 
healing progress was achieved without use of external 20 p ' - . S g .Or gwa. er agree 0 
chemotherapeutic agents and could be directly attributed phase. separanon were designated mcqmpanble’ and those 
to the starch phosphate ?lm dressing showing no phase separation compatible. Compositions 
The treatments described above have been repeated intermediate these designations were termed borderline. 

over a period of more than six months and the results The results are gwen below: 
have been the same. In all cases, the starch phosphate 25 
?lm dressing leads to faster growth of granulation tissue Thin Boiling Starch _ _ H 
and minimization of infection, so that the healing process Wagg?i“ Phosphate Golan“ COmPatlblhtY 
is materially accelerated. 

EXAMPLE 2 no 8 gee. 
0 OS. 

The compatibility with gelatin of three different starches g g8 $8 $08 
having moderate ?lm-forming capacities and the char- 5 47,5 47 5 B?aerlme, 
acteristics of ?lms made from the mixtures were com- %g 4 22 g? 6 gg-d 1. 
pared with similar compositions of starch phosphate 1111 44.45 44 45 Nor. ‘er me' 
derivative and gelatin. The three starches used were 35 $22 
(1) a high-amylose corn starch treated with 2.5% chlorine 1s: 2 9' 72 8 N0,’ 
and then acetylated to 6.0% acetyl group content, (2) $37 g8 23 5 130N391“ 
an acid-treated thin-boiling waxy corn starch and (3) a 20 0 so No. ' 

chlorinated corn starch. Starches (l) ‘and (3) at 10% 28-3 is: ggr-derlme 
concentration pasted in equeous slurry and starch (2) 40 25 50' 25' Yes. ' 
at 20% concentration pasted in an aqueous slurry, were g 3 £35 
each thereafter cooked under a pressure of 15 psi. for 15 36.4 9 54 6 No: _ 
minutes. Portions of each starch solution were mixed with 25' 5 3(7)‘ 5 E3 lligfdmme' 

a warm 10% solution of 250 Bloom gelatin so that ?lms jig-g could be made with starch-gelatin ratios of 3:11, 1:1, and 45 \ 50' 30") 20 Yo; 

1:3. Films of 100% of starch and 100% gelatin were g‘i'? 2g 4 £3 
also prepared. All of the ?hns were plasticized by addi- 60 20 40 No. 
tion of 15% glycerine based on the total solids in each. $3 12 i2 ?giamm 
Films with a thickness of about 2 mils were cast from 50 2733-8 3 $8 2 Q3‘ 
hot solutions .and were dried and conditioned at 72° F. and s0 4 10 $101 

50% relative humidity for 24 hours. Tensile strength 2g lg lg and elongation were also measured under the same atmos- so 3 7 Yes. 

pheric condition. The results are given below: 

Starch- Tensil Elongation, 
Gelatin Appearance Strength, percent 
Ratio p.s.i. 

Gelatin ______________________ -_ 6, 170 24 
113 5, 930 12 

High Amylose Corn 1:1 5, 690 5, 0 
Starch ____________ __ 3:1 5, 440 3. 8 

1:0 4,310 1.5 
Thin Boiling Waxy { 1:3 Slightly opaque _________ _, 5, 380 18 
Corn Starch ______ __ 1:1 Inhomogeneous texture-“ 3, 310 1, 0 

311 2,030 0 
1:0 1,800 0 
113 5, 370 24 

C12 Treated Corn { 1:1 2, 820 3.0 
Starch ____________ __ 3: l 2. 720 0. 5 

1:0 2, 300 0 
[ 1:3 5, 480 30 

Starch Ph0sphate____ 1:1 4, 400 35 
3:1 4,040 14.5 
110 3, 250 0.5 

From the foregoing, it is evident that the starch phos 
phate derivative is different from the other so-called 
?lm-forming starches. First of all, the starch phosphate 
derivative forms clear ?lms showing it is compatible with 

From the foregoing and other data, the phase diagram 
shown in FIG. 5 was derived. In this diagram, apex A 
represents 100% gelatin, apex B 100% thin boiling waxy 
corn starch and apex C 100% starch phosphate deriva 

gelatin through all measured ranges of concentration, 75 tive. As can be seen, the starch phosphate derivative is 
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e?fective to make compatible gelatin and the starch, two 
ordinarily incompatible materials, in a substantial range 
of varying concentrations. In fact, a large portion of 
the area of compatibility is in a range of 0 to 30% gelatin 
and less than 50% starch phosphate. For example, at 
47% starch phosphate derivative, equal amounts of gel 
atin and thin boiling waxy corn starch, 26.5%, are fully 
compatible with each other and make up more than one 
half the materials in the entire system. Thus, by the use 
of starch phosphate derivative, ?lms having the good 
strength characteristics of gelatin ?lms but far more eco 
nomical may be prepared for use as Wound dressings in 
accordance with our invention. 

EXAMPLE 4 

A starch phosphate derivative was prepared in accord 
ance with the method described in U.S. Patent 2,884,412 
by reacting starch granules with tri-sodium phosphate. 
The granules were mixed with powdered gelatin in the 
proportion of one part starch phosphate derivative to one 
part of gelatin. The mixture was dissolved in water to 
form a solution containing 10% of the mixture by weight 
of the solution. 15% glycerine based on the weight of 
the mixture in the solution was then added. The solution 
was heated and ?lms were cast upon glass plates from 
the heated solution. The ?lms were dried and maintained 
in an atmosphere of 72° F. and 50% relative humidity 
for 24 hours. The average tensile strength of the ?lms 
was found to be 5000 p.s.i. in this atmosphere. This 
value exceeds the tensile strength obtained with practically 
all pure starch ?lms. 

While the method of the invention has now been de 
scribed in terms of treating open skin Wounds which heal 
by the growth of granulation tissue, and the most sig 
ni?cant bene?ts are achieved in the treatment of such 
wounds, it will be obvious to those skilled in the art that 
the invention is suitabe for the treatment of other types 
of skin wounds as well, incision or otherwise. The use of 
?lms as a dressing is a convenient and eifective way to 
protect tissues which require a favorable, aseptic environ 
ment for healing and growth. Furthermore, the ?lms may 
be used as a vehicle for applying chemotherapeutic agents 
and other medicaments which aid the growth and healing 
processes. 

It will be understood that it is intended to cover all 
changes and modi?cations of the preferred embodiments 
of the invention herein chosen for the purpose of illus 
tration which do not constitute departures from the spirit 
and scope of the invention. 

‘We claim: 
1. A method of dressing an open skin wound which 

comprises covering the wound with a ?lm containing as 
an essential ingredient thereof a heat reaction product of 
starch granules and an alkali metal phosphate salt, said 
?lm having a thickness within the range from about 1 to 
about 10 mils and having a tensile strength of at least 
about 3,000 p.s.i., said reaction product being made by 
mixing starch granules with an aqueous solution of the 
phosphate salt to cause the granules to absorb some of the 
solution, then separating the starch granules from any 
excess phosphate salt solution which has not been ab 
sorbed by the starch granules, and then roasting the sep 
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arated starch granules containing the absorbed phosphate 
salt at temperatures from about 120° C. to about 175° C. 

2. A method in accordance with claim 1 in which said 
?lm contains from about 0.1 to about 10 parts of gelatin 
for each part of said starch phosphate reaction product. 

3. A method in accordance with claim 1 in which said 
?lm contains from about 0.1 to about 0.5 part of glyc 
erine for each part of said starch phosphate reaction 
product. 

4. A ?lm-forming composition which comprises a heat 
reaction product of starch granules and an alkali metal 
phosphate salt, from about 0.1 to about 10 parts of gela 
tin for each part of said reaction product, and a su?icient 
amount of water to dissolve said reaction product and 
gelatin in a ?lm-forming concentration, said reaction 
product being made by mixing starch granules with an 
aqueous solution of the phosphate salt to cause the gran 
ules to absorb some of the solution, then separating the 
starch granules from any excess phosphate salt solution 
which has not been absorbed by the starch granules, and 
then roasting the separated starch granules containing the 
absorbed phosphate salt at temperatures from about 120° 
C. to about 175° C. 

5. A ?lm-forming composition in accordance with 
claim 4 which includes in an amount compatible there 
with ordinary starch. 

6. A protective dressing ‘for wounds which comprises a 
?lm containing as an essential ingredient thereof a heat 
reaction product of starch granules and an alkali metal 
phosphate salt, said ?lm having a thickness within the 
range from about 1 to about 10 mils and having a tensile 
strength of at least about 3,000 p.s.i., said reaction prod 
uct being made by mixing starch granules with an aqueous 
solution of the phosphate salt to cause the granules to 
absorb some of the solution, then separating the starch 
granules from any excess phosphate salt solution which 
has not been absorbed by the starch granules, and then 
roasting the separated starch granules containing the ab 
sorbed phosphate salt at temperatures from about 120° C. 
to about 175° C. 

7. A ?lm in accordance with claim 6 which includes 
from about 0.1 to about 10 parts of gelatin for each part 
of said starch phosphate reaction product. 

8. A ?lm in accordance with claim 6 which includes 
from about 0.1 to about 0.5 part of glycerine for each 
part of said starch phosphate reaction product. 

9. A ?lm in accordance with claim 6 which has been 
dried and conditioned for about 24 hours in an atmos 
phere maintained at 72° F. and 50% relative humidity. 
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